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3 Claims. 

The present invention relates to a heating and 
ventilating System for industrial type ovens and 
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particularly to such ovens of the enclosed tunnel 
type. Ovens of this type are used commercially 
for such purposes as baking finishes on metal 
objects, such for example as the synthetic enamel 
finishes in which modified "glyptal' resins are 
used. Such Ovens are of particular value in 
baking finishes of this type upon motor vehicle 
bodies or the like. Ovens of this general type 
also may be used for the heat treatment of metal 
objects or the surfaces thereof. 

In a typical installation a conveyor extends 
longitudinally of the enclosing tunnel and carries 
the objects to be treated through progressive 
Stages within the oven, which are hereinafter 
designed as work preheating section, work bak 
ing section and work discharge section. Objects 
entering the oven in the work preheating section 
usually are at or about atmospheric temperature 
but are heated gradually while within this sec 
tion to elevated temperatures. Thereafter, the ob 
jects pass to the work baking section where they 
are heated to the predetermined degree of heat 
required for the particular desired treatment. 
Thereafter the objects pass through the work dis 
charge Section and are cooled to a temperature 
below the temperature in the work baking sec 
tion. Upon discharge from the oven the objects 
may have been cooled to a temperature approxi 
mately atmospheric, if such treatment is desired, 
The objects undergoing treatment thus comprise 
a continually moving stream flowing from the 
intake end of the enclosing tunnel to the dis- . 
charge end of the tunnel and pass through the 
respective sections therein provided. 

Prior to the present invention Ovens of this 
type were heated by the use of gas or steam as 
the heating medium. This, however, was not en 
tirely satisfactory particularly in installations re 
quiring accurate temperature control within close 
limits, nor was it fully satisfactory in installa 
tions used in baking finishes on metal objects 
where the presence of Suspended foreign matter 
within the air inside the oven would impair the 
finish coat on the article. Also, no provision 
was made in such ovens for the positive circula 
tion of air in predetermined circuits so as to 
bring the air in contact with all portions of the 
work passing through the oven. Nor was pro 
vision made for a definite direction of the air 
flow in the Oven. The use of electrically actu 
ated heating means has heretofore been suggested 
but has not been universally adopted because of 
the relatively higher cost per heat unit resulting 

(CI. 219-47) ; 
from electrical current over that of heat units 
produced by gas or steam heat. The present in 
vention provides a heating oven so designed as to 
increase its efficiency and make feasible the eco 
nomical and commercial use of electricity as a 
heating medium therefor. 

It is the principal object of the present inven 
tion to provide a heating and ventilating system 
for commercial ovens of the enclosed tunnel type 
in which electric current is used to Supply the 
heating therefor and wherein provision is made 
for a positive, circulation of clean air through 
the oven and in intimate contact with all Sur 
faces of the objects passing therethrough. 

It is a further object of the present invention 
to provide a heating and ventilating system for 
commercial. Ovens of the tunnel type in which 
heat units are transferred to and from Work 
passing through the oven by utilizing circulated 
air passing in circuits. through the oven as the 
heat transference medium. This results in a 
gradual increase of temperature in the work in 
the work preheating section and a gradual de 
crease of the temperature of the work in the 
work discharging section. The utilization of 
such circulating air to transfer a predeterminable 
and controllable quantity of heat, absorbed from 
the hot Work as it leaves the oven, to the cold 
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work as it enters the oven, effects a heat control 
Within the oven which is regulated by the quan 
tity of fresh air taken into the oven in accord 
ance with the quantity of heat units taken out of 
the oven by the hot work. 

Other, objects of this invention will appear in 
the following description and appended claims, 
reference being had to the accompanying draw 
ings forming a part of this specification wherein 
like reference characters designate corresponding 
parts in the several views. 

Fig. 1 is a fragmentary schematic view of an 

of the present invention, 
Fig. 2 is a top plan view, partially in section, 
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oven having a heating and ventilating system 

of the work discharge section of the Oven included 
within the arrows 3-3 of Fig. 1. 

Fig. 3 is a longitudinal sectional view taken sub 
stantially on the line 3-3 of Fig. 1 in the direc 
tion of the arrows. y 

Fig. 4 is a cross sectional view taken Substan 
tially on the line 4-4 of Fig. 3 in the direction 
of the arOWS. . 

Fig. 5 is a longitudinal Section taken Substan 
tially on the line 5-5 of Fig. 3 in the direction of 
the arrows. 

Fig. 6 is a top plan view of the work preheating 
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2 
section of the oven included within the arrows 
7- of Fig. 1. 

Fig. 7 is a longitudinal section taken Substan 
tially on the line 7-7 of Fig. 1 in the direction 
of the arrows. 

Fig. 8 is a longitudinal Section taken Substan 
tially on the line 8-8 of Fig. 7 in the direction of 
the arrows. 

Fig. 9 is a fragmentary elevation, partially in 
section, taken through a portion of the work bak 
ing section of the tunnel and showing certain de 
tails of the construction thereof. 

Fig. 10 is a cross sectional view through the 
work baking section of the oven and taken sub 
stantially on the line 0-0 of Fig. 9 in the di 
rection of the arrows. w N 

Fig. 11 is a fragmentary sectional view taken 
Substantially on the line - of Fig. 9 in the 
direction of the arrows. 

Fig. 12 is an enlarged fragmentary sectional 
view showing the details of the corner construc 
tion. 

Fig. 13 is a view similar to Fig. 9 showing a 
modified form of wall construction. 

Fig. 14 is a Sectional view taken substantially 
On the line 4-4 of Fig. 13 in the direction of the 
arrows. 

Fig. 15 is a fragmentary sectional view taken 
substantially on the line 5-5 of Fig. 13 in the 
direction of the arrows. 

Before explaining in detail the present inven 
tion it is to be understood that the invention is 
not limited in its application to the details of 
construction and arrangement of parts illus 
trated in the accompanying drawings, since the 
invention is capable of other embodiments and of 
being practiced or carried out in various ways. 
Also it is to be understood that the phraseology or 
terminology employed herein is for the purpose of 
description and not of limitation, and it is not 
intended to limit the invention claimed herein 
beyond the requirements of the prior art. 

Referring to the drawings and particularly to 
Fig. 1, 20 designates the enclosing walls forming 
the tunnel of a commercial type oven to which 
the present invention appertains. A receiving 
booth 2 is provided at the entrance end of the 
tunnel and the work, after traversing the tunnel, 
is discharged through the discharge end 22. The 
work travels through the tunnel in the direction 
Of the arrows 23 and is heated by means of elec trically actuated heating coils 24 (of any pre 
ferred type, as for example resistance heating 
units or induction heating units) placed at suit 
able predetermined intervals within the enclosing 
tunnel. In accordance with the present inven 
tion, air is discharged through a series of dis 
charge ports in the walls of the tunnel in the di 
rection designated by the arrows 25. After meet 
ing the work the air then passes through the tun 
nel in the direction of the arrows 26 in counterflow 
to the direction of the work passing therethrough. 
Adjacent the discharge end 22 of the tunnel 

the air is directed outwardly in the direction of 
the arrows 2 to form an air curtain and so pre 
vent the suction of air inwardly through the dis 
charge end of the tunnel. At the entrance end 
of the tunnel the air is withdrawn from the tun 
nel in the direction of the arrows 28 from the en 
trance booth 2 designated by the arrows 29 and 
forms an air curtain which surrounds the work 
as it passes into the tunnel in such a manner as 
to prevent the discharge of air from the tunnel 

75 
into the work receiving portion 2. 
A conveyor 30 extends longitudinally through 
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out the length of the oven and may be of any de 
sired type such as the overhead rail type or the 
type as here shown which is a fixed conveyor in 
the form of rails on the floor of the Oven along 
which the work is passed while carried on a sult 
able carrier mechanism. The work passes along 
the conveyor 30, as has been said, in the direction 
of the arrows 23, that is, from the work preheat 
ing section to the work baking section and there 
after to the work discharge section in the oven. 
The ventilating system of the present thven 

tion is provided with intake ports 3i which con 
municate with the atmosphere outside of the 
oven. Air is drawn through the intake port 3 
by the blower 32 from which it is discharged 
through a series of ducts and discharge ports 38, 
34 and 35 which open into the interior of the 
enclosing tunnel. As shown by the arrows of 
Figs. 3 and 5, the air from the port 33 is discharged 
toward the discharge opening 22 in converging 
streams which form the air curtain heretofore 
mentioned as preventing the drawing of air into 
the tunnel through the discharge opening 22. 
The air from the ports 34 and 35 is discharged 
inwardly and toward the entrance end of the tun 
nel, as shown by the direction of the arrows in 
Figs, 3 and 5. In order to provide a constant cir 
culation of the air within the oven, a series of 
blowers and communicating ducts are provided, 
such as shown by way of example in Fig. 3. As 
there shown, the air which is discharged through 
the ducts 34 and 35 is drawn upwardly through 
the top of the oven through a duct 36 which Con 
municates with a blower 37 which communicates 
with a series of ducts and discharges the air 
through the ports 38 and 39 in the direction of the 
arrows as shown in Figs. 3 and 5. As shown in 
Fig. 5, the streams of air passing through the 
ducts 38 and 39 contact with all portions of the 
work passing through the oven, after which the 
air is then withdrawn from the top of the Oven 
through the duct 40 communicating with the 
blower 4, which in turn communicates with a . 
series of ducts to discharge the air through the 
ports 42 and 43, inwardly and toward the work, 
as shown by the direction of the arrows of Figs. 
3 and 5. 
A duct construction which may be used satis 

factorily in connection with any of the systems 
of ducts and blowers used in connection with the 
present invention is shown in Fig. 3 and com 
prises a member 44 which extends upwardly in a 
duct to provide a throat which separates the 
two ducts 45 and 46, the duct 45 communicating 
through suitable ducts with the port 42 and the 
duct 46 communicating through suitable feeding 
ducts with the port 43. 
The apparatus heretofore described is such 

that the air is constantly withdrawn from the 
top of the oven and is discharged inwardly and to 
ward the entrance end of the oven through the 
ports provided in the side walls of the oven 
structure. This type of ventilating system may 
be employed throughout the length of the oven 
and prevents stratification of the air within the 
oven. As here shown, no blower mechanism is 
provided at the work baking section shown in 
Fig. 1. This, however, is merely a detail of de 
sign which may be varied by those skilled in the 
art for any given installation. 
After the air has been taken into the tunnel 

and circulated as heretofore described, it passes 
thence through the work baking section within 
the oven and thence toward the work preheating 
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Section thereof. In the work preheating section, 75 
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the air is circulated by means of blowers and 
communicating ducts 47, 48 and 49 which are of 
similar construction and operation to the ducts 
and blowers heretofore described. The entrance 
end of the tunnel is provided with exhaust ports 
50 enclosed by a suitable grille or screen 5. The 
ducts 50 communicate with a duct 52 in which a 
blower 53 is housed to withdraw the air through 
the exhaust screens 5, and the ducts 50 and 52, 
and discharge the exhaust air through a suitable 
exhaust Stack 54. 
From the foregoing, description of the venti 

lating System it will be apparent that air at Sube 
stantially atmospheric temperature is taken into 
the oven adjacent the work discharge section and 
is circulated while at this temperature so as to 
contact with the work during the time that the 
work retains considerable latent heat. At this 
point the work has been heated to a considerable 
degree and the constant circulation of the air at 
Substantially atmospheric temperature around 
the work cools the work and while so doing heats. 
the air. The heated air thus becomes succes 
sively warmer as it is recirculated and passes 
through the Work baking section toward the work 
preheating section of the oven. During this time 
the air having passed through the heated work 
baking Section, is so heated that when it comes 
in contact with the cold work in the work pre 
heating section, the air gives up heat units to the 
Work. Thus the air acts as the heat transfer 
medium by which the work becomes heated prior 
to the time that it passes into the work baking 
Section of the oven. Thus it will be seen that 
the latent heat in the work is utilized for the first 
heating of the air in the work discharge section 
and thereafter is further heated in the work 
baking Section, and that heat carried by the air 
is thereafter utilized to heat the cold work in 
the Work preheating section. During this time 
the temperature of the air may be regulated by 
controlling the amounts drawn into the oven. 
In certain types of installations, as for example 

an Owen for baking a Synthetic ename finish on 
an automobile body, this circulation of air in this 
manner has been found to produce desirable re 
SultS not only in increasing the efficiency of the 
OWen by effecting the transfer of the heat units 
as heretofore described, but also in that the cold 
article is heated by gradual increases in tem 
perature in the work preheating section until it 
reaches the Work baking Section, and thereafter 
is cooled by gradual decreases in temperature. 
In this manner the work may be discharged at 
the discharge end of the oven at a temperature 
slightly in excess of atmospheric temperature. 
Thus sudden temperature changes either in the 
Work passing into the pven or in the work as it 
paSSes from the Owen are avoided, with the elimi 
nation of the chipping or cracking of such enamel 
Surfaces where such chipping or cracking is due . 
to rapid temperature changes causing a sudden 
eXpansion or contraction of the metal object to 
Which te Surface is applied. 
There is thus a Work preheating section, a Work 

baking Section and a Work discharge Section, the 
latter Serving as an air preheating Section where 
in the incoming air Will remove from the heated 
Work a given quantity of heat. This saved heat 
is carried by the air into the Work baking Section 
where some additional heat is absorbed by the 
air, and then the air stream enters the work 
preheating Section where the cooled Work re 
moves from the heated air the heat picked up by 
the air in the oven and some part of the heat 

3 
previously absorbed by the air in the work dis 
charge section. The amount of air entering the 
Oven is controlled so that the temperature of the 
work preheating section shall be just high enough 
to avoid condensation, on the incoming cool work, 
of any liquids carried by the air in vapor form. 
Another Way of stating the temperature balance, 
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is to say that the temperature of the outgoing . 
work shall be substantially equal to the tem 
perature of the outgoing air. 
The oven heating may be accomplished in any 

mainer which does not introduce into the heat 
ing section any air or gases in addition to the 
air which has entered the heating section from 
the work discharge section. Preferably the ovan 
heating is accomplished by electric resistance 
heaters which warm the air in the heating sec 
tion, although electric induction coils, which heat, 
the metallic portions of the work, may also be 
used. - 
By the use of the electrically actuated heating 

members it is found that heat is created inside 
of the oven with the minimum amount of dust, 
dirt or other foreign substances circulating there 
in. The oven thus accomplishes another desir 
able result, namely the baking of a hard surface 
on a finish coat without foreign substances be 
coming embedded therein during the travel of 
the work through the oven and before the hard 
surface thereon is fully developed. 
When induction heat is used, the inductio 

coil 24a is placed as shown in Fig. 10, Substantial 
ly Surrounding the path of the work 23 in the bak 
ing section and spaced from the inner wall there 
of. Between the inner and outer was is placed 
the conventional insulation, the outer waii being 
Spaced from the inner wall by electrically non 
conducting supporting members 65 formed of any 
desired dielectric materials, such for example as 
porcelain, mica or the like. Thus any eddy cur 
rents generated in the wall by the induction coil 
Cannot flow to the outef wall and heat is con 
Served.. 
When it is desired to minimize all possibility 

of stratification of the air flow, suitable baffles 
67 may be used inside the oven and outside the 
induction coil, these bafles being supported from 
the inner shell by electrically non-conducting 
ribs or spacing members 6 a. 
The direction of the air flow in any cross-sec 

tion of the oven provided with the baffle members 
67 will be substantially as shown by the arrows 
on Fig. 10, the spacing between the afies 6 and 
the inner shell functioning somewhat as a chim 
ney wherein the air (heated by the baffle and the 
inner shell) is forced to rise and is directed 
through the center opening of the baffles 6 down 
wardly over the work 23. The baffles 6 are suit 
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ably spaced from the inner shell to insure greater 
heating between the baffle and the inner wall than 
within the induction coil. Thus the air will be 
continually circulated and stratification will be 
prevented. 

În certain instalations where the problem of 
suspended dirt becomes of importance, it is pos 
sible to place a series of screens or filters 55 in 

60 

the intake ducts communicating with the blowers 
and the ducts 47, 48 and 49 at points adjacent the 
entrance end of the tunnel. In this manner any 
foreign substances Such as dust, dirt or the like 
which are suspended in the article by reason of 
the other operations Within the Owen, are removed 
from the air stream at the points where the air 
stream discharges upon the work. 

It will be understood from the foregoing that 
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4. 
the present invention also produces desirable re 
sults in that it provides a completely enclosed 

remove all noxious fumes or gases which may be 
attendant upon the treatment of the particular 
object passing therethrough. Therefore, while 
the present invention is particularly applicable 
to commercial ovens of the tunnel type which are 
electrically heated, the invention also is applicable 
to commercial ovens of the tunnel type which are 
heated by other means. 
The details which may be employed in the con 

struction of an oven embodying the present in 
vention are shown in Figs: 9 to 15 inclusive. As 
shown in Fig. 9, the interior portion of the oven 
may be formed from a series of sheet steel plates 
60 having turned edge portions which are joined 
as at 6 by welding or the like. The outer cov 
ering of the oven B2 is comprised of plaster, ce 
ment or the like in which reenforcing wire 63 is 
embedded. The heat insulating material 64, such 
as rock wool or the like, is placed between the 
outer covering and the inner shell formed by the 
joined plates 60. In order to hold the outer shell 
62 and the inner shell formed by the joined plates 
60 in their relative spaced positions, a series of 
dielectric connecting members 65 are provided 
which are connected with the reenforcing mem 
bers 63 at one end and with the joined plates 
S9 at the other end. 
The corner construction is shown in detail in 

Fig. 12. As there shown, an angle iron member 
66 is joined as by shot welding to the sheets of 
used in forming the top and side portions of the 
inner shell of the tunnel. 
A modified form of construction is shown in 

Figs. 13 to 15 inclusive. As there shown the 
inner shell of the tunnel is formed of a series. 
of plates 70 which are joined as by shot welding 
or the like along the adjoining edges and at the 
Corners by means of angle irons f similar to the 
angle iron 66 heretofore described. The outer 
shell 2 in this embodiment of the invention is 
also formed of a series of steel plates joined along 
their abutting edges and reenforced at the cor 
ner portions by angle iron members 3. The 
Outer shell T2 is spaced from the inner shell and 
the intermediate space is filled with insulating 
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material 74. The shells are maintained in 
spaced apart relation by a series of dielectric con 
necting members 7 secured thereto. 
The two forms of construction herein described 

are intended only as examples of constructions 
which may be employed in certain types of in 
stallations but are not intended to designate any 
particular type of construction of the oven with 
which the present invention may be employed. 

I claim: 
1. An industrial oven comprising a tunnel-like 

enclosure having a work baking section heated 
by electrically actuated induction heating coils, 
said tunnel comprising spaced apart inner and 
outer metallic shells, heat insulating material 
disposed between said shells, and spacing mem 
bers formed of a dielectric material and secured 
to said shells to maintain said shells in a prede 
termined spaced apart relation to each other, said 
spacing members being effective to prevent a flow 
of induced electric current from said inner shell 
to said outer shell. 

2. In an industrial oven comprising spaced 
apart inner and outer shells and having a work 
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baking section, electrically actuated induction 25 
heating coils disposed adjacent said work baking 
Section, a metallic baffle structure secured to but 
electrically insulated from the inner shell of the 
Oven and disposed about the induction heating 
coils, said baffles and said inner shell, when heat- 80 
ed by the action of the said heating coils, causing 
a flow of air therein in a predetermined direction 
with Substantial freedom from stratification 
within the enclosure. 

3. In an industrial oven comprising spaced 8 
apart inner and outer shells and having a work 
baking Section, electrically actuated induction 
heating coils disposed therein, a metallic baffle 
structure extending across the top and down 
Wardly adjacent the slides of the said oven and 
forming a flue or duct with the inner shell of 
the oven, said baffle being formed to provide an 
opening adjacent the top of said oven and com 
municating with said flue or duct to discharge 
heated air upon work passing through said oven 
and beneath said opening. 

HOWARD E. SOMES, 


